Most tibial eminence fractures are avulsion fractures of the anterior cruciate ligament (ACL) from its tibial insertion. This study describes a new arthroscopic technique using an additional proximal superomedial portal to visualise the tibial eminence fracture and to fix the fracture with the EndoButton to avoid the risk of fragment breakage. The proximal superomedial portal enables fracture reduction without damage to the intermeniscal ligament. Fixation with the EndoButton is strong enough to allow early rehabilitation with vigorous exercise. All 5 patients achieved bone union; no young patient had growth disturbance of the tibia; all knees were stable with excellent range of motion and negative Lachman and pivot shift tests and no flexion contracture. Arthroscopic fixation with the EndoButton visualised through the proximal superomedial portal is a safe, simple, and secure method for treating tibial eminence fractures, particularly in children with small fragments.
introduction Tibial eminence fractures are rare and usually occur in children. They can be classified into 4 types 1,2 : type 1 has minimal or no displacement and is usually treated conservatively; type 2 involves partial anterior 'duck-bill' elevation of the bony fragment but with preservation of a posterior hinge with the tibial eminence; type 3 involves complete fragment elevation anteriorly and posteriorly; and type 4 is a displaced comminuted fracture ( Fig. 1 ). Types 2 to 4 are usually treated surgically with arthroscopic techniques. [3] [4] [5] In adults with large bony fragments, screw fixation provides strong fixation strength. 4, 5 In children with small or comminuted fragments, screw fixation is usually not available. Arthroscopic pullout suture techniques are suitable for tibial eminence fractures with small or comminuted fragments, [6] [7] [8] although such techniques are more complicated and associated with a risk of fragment breakage by wires or strings. In addition, the close proximity of the arthroscopic portal to the fracture site makes it difficult to visualise the fracture. This study describes a new arthroscopic technique using an additional proximal superomedial portal 9 to visualise the tibial eminence fracture and to fix the fracture with the EndoButton to avoid the risk of fragment breakage.
case reports
Between February 2013 and May 2014, 4 females and one male aged 9 to 67 (mean, 24.6) years underwent arthroscopic fixation with the EndoButton for a tibial eminence fracture visualised through a proximal superomedial portal (Table) .
The patient was placed supine, and a pneumatic tourniquet was used if needed. The knee was assessed through the anterolateral and anteromedial portals using a 30º 4-mm arthroscope ( Figs. 2 and 3 ). With visualisation through the anterolateral portal, a proximal superomedial portal was created 4-cm proximal to and in line with the medial edge of the patella in knee extension. The infrapatellar fat pad and fracture site was visualised through the portal at 20º to 40° knee flexion. If the fat pad hampered vision, a small piece of it was removed. Using a probe from the anteromedial or anterolateral portal, the status of the anterior cruciate ligament (ACL), fracture fragments, and intermeniscal ligament was assessed. The intermeniscal ligament was then retracted anteriorly with a skin hook inserted through the anterolateral portal. The fracture fragment was elevated to remove underlying haematoma and bone debris using a curette. The fragment was reduced , USA). The EndoButton was attached to the loop of the FiberWire outside the joint, and introduced into the joint by pulling the FiberWire at the tibial tuberosity. The fragment was held securely by adjusting the EndoButton rotation with the probe inserted from the anteromedial or anterolateral portal. A further EndoButton could be installed using the same manoeuvres. At 30º knee flexion, the FiberWire suture was fixed to another EndoButton outside the tibial hole by pulling and knotting the FiberWire with maximum tension. Postoperatively, the knee was maintained with a cylinder cast in full extension for 2 weeks. Touchweight walking was allowed on day 1. Partial weight bearing and range of motion exercises from 0° to 90° were allowed at 2 weeks. Full weight bearing was allowed at 6 weeks. Jogging was allowed at 10 weeks.
All patients achieved bone union; no young patients had growth disturbance of the tibia; all knees were stable with excellent range of motion and negative Lachman and pivot shift tests and no flexion contracture. No patient had EndoButtonfemoral intercondylar notch impingement. A second arthroscopy was performed to remove the EndoButton, and the tension of the ACL was noted to be good, with negligible gaps.
discussion
Visualisation of the tibial eminence fracture through the conventional anteromedial or anterolateral portal is difficult, because of the anterior location of the fracture. Various portals have been used to enhance visualisation such as the superior anterolateral and superior anteromedial portals 10 and accessory high portal. 11 Nonetheless, they are still close to the infrapatellar fat pad that hinders visualisation. In an arthroscopic transpatellar screw fixation technique, a 7.0-mm bone tunnel is created in the patella under fluoroscopic guidance in the lateral view to enable a good visual field. 12 Nonetheless, making a large tunnel in the patella is invasive and risks patellar fracture. A proximal superomedial portal technique has been developed to visualise and treat the plica, medial and lateral gutters, and anterior compartment of the knee. 9 By controlling the flexion angle of the knee, the tibial eminence fracture can be easily visualised through this portal without the risk of intermeniscal ligament damage. After fracture reduction, the ligament can be set on the fragment to stabilise the fracture.
Antegrade screw fixation provides good strength when the fracture fragment is large enough. 4, 5 In a cyclic-loading test, the antegrade screw fixation is biomechanically stronger than pull-out suture fixation for anterior tibial translation. 13 Nonetheless, screw fixation is usually not feasible for small or comminuted fragments, especially in children, owing to the risk of damage to the fragment and the size and number of fragments. Bicortical fixation is not suitable for children because of the risk of early physis closure. In patients with small or comminuted fragments, the pull-out suture fixation is usually used although it risks fragment breakage by the wire and requires prolonged postoperative immobilisation, which may result in range of motion limitation and flexion contracture.
Pull-out fixation with the EndoButton provides greater initial strength than fixation using suture anchors or other suture materials. 14 
Arthroscopic
EndoButton fixation avoids cut-through by sutures, enables a larger implant-bone interface, and provides fixation strength sufficient to promote bone healing. 15 A 4.5-mm drill hole is made from the tibial tubercle through the fracture fragment using an ACL reconstruction guide. The EndoButton is introduced through the drill hole to stabilise the fragment. If the bone fragment is large enough for a 4.5-mm drill hole, the method is relatively safe because of the low risk of fragment damage. If the fragment is small, especially in children, making a 4.5-mm drill hole may damage the fragment. A drill hole through the physis should be avoided in children with an open physis to prevent its early closure.
In our technique, a 2.4-mm drill hole was made through the tibial physis. Its cross-sectional area was approximately a quarter that of the 4.5-mm drill hole. This lowers the risk of fragment breakage and premature closure of the physis. The EndoButton is a metallic foreign body and may cause mechanical impingement. Its removal is recommended after fracture healing, especially in children or adolescents. 3 conclusion Arthroscopic fixation with the EndoButton using an additional proximal superomedial portal is a safe, simple, and secure method for treating tibial eminence fractures, particularly in children with small fragments.
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